Introduction
============

Numerous studies have previously shown that fruit and vegetable consumption may reduce the risk of developing cancers of the oropharynx, oesophagus, lung, stomach and colorectum ([@b1-mmr-11-01-0127],[@b2-mmr-11-01-0127]). Furthermore, it may also reduce the risk of oxidative stress and cell damage ([@b3-mmr-11-01-0127]), cardiovascular diseases and atherosclerosis ([@b4-mmr-11-01-0127]). Due to the safety, low toxicity, reduced side effects and general availability, phytochemicals and dietary compounds have been used for the treatment of human cancer ([@b5-mmr-11-01-0127]). White blood cells interact with each other to produce an immune response against specific antigens ([@b6-mmr-11-01-0127]). It has been well documented that increasing the immune response will improve the defense against various diseases, microbial infections and leukemia ([@b7-mmr-11-01-0127]). Therefore, research has focused on the identification of novel compounds from plants, which may promote the immune response.

*Polygonum cuspidatum* is widely distributed in southern China and Japan. The root of *Polygonum cuspidatum* has previously been used to treat inflammation, infection and hyperlipidemia ([@b8-mmr-11-01-0127]). Emodin is isolated from *Polygonum cuspidatum* and has numerous biological effects. Emodin has previously been shown to inhibit Coxsakievirus B4 *in vitro* and *in vivo* ([@b9-mmr-11-01-0127]), and numerous studies have reported that emodin possesses an anticancer function ([@b10-mmr-11-01-0127]--[@b12-mmr-11-01-0127]). However, there is currently no available information on the effects of *Polygonum cuspidatum* on the immune responses of normal mice *in vivo*.

The present study aimed to investigate the effects of the crude extract of *Polygonum cuspidatum* (CEPC) on the immune responses of normal BALB/c mice *in vivo*.

Materials and methods
=====================

Materials and reagents
----------------------

Dimethyl sulfoxide (DMSO) was obtained from Sigma-Aldrich (St. Louis, MO, USA). RPMI-1640 medium, fetal bovine serum, L-glutamine and penicillin-streptomycin were obtained from Gibco Life Technologies (Carlsbad, CA, USA). CEPC, provided by Dr Fu-Shin Chueh (Department of Health and Nutrition Biotechnology, Asia University, Taichung, Taiwan), was dissolved in DMSO at 1% and stored at −20°C, in a 50 ml tube covered with aluminum, until further use.

Male BALB/c mice
----------------

A total of 50 male BALB/c mice, 8 weeks old and weighing 22--25 g, were obtained from the National Laboratory Animal Center (Taipei, Taiwan). The mice were maintained in specified pathogen-free conditions in the animal center of the China Medical University (Taichung, Taiwan). The mice were monitored and received a normal diet. The use of mice in the present study was approved by the Institutional Animal Care and Use Committee of the China Medical University (Taichung, Taiwan), as previously described ([@b13-mmr-11-01-0127]).

In vivo treatment of animals with CEPC
--------------------------------------

A total of 50 male BALB/c mice were randomly divided into five groups (10 mice/group): Group I mice were treated with a normal diet and served as a control group; group II mice were treated with 25 mg/kg CEPC; group III mice were treated with 50 mg/kg CEPC; group IV mice were treated with 100 mg/kg CEPC; and group V mice were treated with 200 mg/kg CEPC. The CEPC was mixed with olive oil and was administered daily by oral gavage, at the indicated doses, for 27 days. At the end of the treatment, all of the mice were weighed and sacrificed by euthanasia, performed by delivering increasing concentrations of CO~2~, as previously described ([@b14-mmr-11-01-0127]).

Immunofluorescence staining of the surface markers of immune cells from each mouse
----------------------------------------------------------------------------------

The mice were weighed following 27 days of CEPC treatment. Blood samples were then collected by cardiac puncture, and the spleens were harvested. The splenocytes were isolated to measure natural killer (NK) cell activity. To determine the number of leukocyte cells, 1 ml blood was collected from the mice and lysed using 1× Pharm Lyse™ lysing buffer (BD Biosciences, Franklin Lakes, NJ, USA). The samples were centrifuged at 1,500 × g, for 15 min at 4°C, in order to collect the white blood cells. The leukocytes were stained with phycoerythrin (PE)-labeled anti-mouse CD3 (1:100; catalog number, 553062; clone, 145-2C11), PE-labeled anti-mouse CD19 (1:100; catalog number, 561740; clone, 1D3), fluorescein isothiocyanate (FITC)-labeled anti-mouse CD11b (1:100; catalog number, 57396; clone, M1/70) and Mac-3 (1:100; catalog number, 553324; clone, M3/84) antibodies (BD Pharmingen, San Diego, CA, USA), for 30 min at 4°C and were then washed with phosphate-buffered saline (PBS). The cells were then stained with a secondary antibody and analyzed by flow cytometry to determine the percentage of cell markers, as described by previous methods ([@b14-mmr-11-01-0127]).

Quantification of macrophage phagocytic activity
------------------------------------------------

Macrophages were isolated from the peripheral blood mononuclear cells (PBMC) and the peritoneum of the mice. The isolated macrophages were placed in a fluorescence-activated cell sorting tube and 50 μl *E. coli*-FITC was added, according to the manufacturer's instructions of the PHAGOTEST^®^ kit (ORPEGEN Peptide Chemicals GmbH, Heidelberg, Germany), and as previously described ([@b14-mmr-11-01-0127]) The samples were analyzed using flow cytometery and quantified using CellQuest software (BD Biosciences), as previously described ([@b14-mmr-11-01-0127],[@b15-mmr-11-01-0127]).

Quantification of NK cell cytotoxic activity
--------------------------------------------

The isolated splenocytes (1×10^5^ cells) were placed in each well of a 96-well plate in 50 μl RPMI-1640 medium. YAC-1 mouse lymphoma cells (2.5×10^7^ cells; Bioresource Collection and Research Center, Hsinchu, Taiwan) in serum-free RPMI 1640 medium and the PKH-67/Dil.C buffer (Sigma-Aldrich) were then added to the cells and mixed thoroughly, for 2 min at 25°C. A total of 50 μl PBS was added to each well for 1 min, followed by 100 μl medium and incubated for 10 min. The cells were then centrifuged at 1,200 × g, for 2 min at 25°C. NK cell cytotoxic activity was determined by flow cytometry, as previously described ([@b14-mmr-11-01-0127],[@b15-mmr-11-01-0127]).

Determination of T- and B-cell proliferation
--------------------------------------------

The isolated splenocytes (1×10^5^ cells/well) were placed in a 96-well plate. A total of 100 μl RPMI-1640 medium was added to each well, and the cells were stimulated with concanavalin A (Con A, 5 μg/ml) for three days to initiate T-cell proliferation, and with lipopolysaccharide (LPS, 5 μg/ml), for 5 days to initiate B-cell proliferation. All of the samples were measured using the CellTiter 96 AQueous One Solution Cell Proliferation Assay kit (Promega Corporation, Madison, WI, USA), as previously described ([@b13-mmr-11-01-0127],[@b15-mmr-11-01-0127]).

Statistical analysis
--------------------

All of the experiments in the present study were repeated at least three times. The data were expressed as the means ± standard deviation. Comparisons between the control and CEPC-treated groups were analyzed by student's t-test. A P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

Effects of CEPC on the body and organ weights of BALB/c mice
------------------------------------------------------------

The mice were administered CEPC (25, 50, 100, 200 mg/kg), or normal control, for 27 days. Every three days the mice were weighed, and the murine tissues were weighed at the end of the CEPC treatment ([Fig. 1A--D](#f1-mmr-11-01-0127){ref-type="fig"}). CEPC administration, at any of the four doses, did not significantly alter body, liver or spleen weight, as compared with the control mice.

Effects of CEPC on leukocyte cell markers in BALB/c mice
--------------------------------------------------------

Flow cytometry was performed to measure the levels of cell markers CD3, CD19, CD11b and Mac-3, in the CEPC-treated and control mice. CEPC treatment (25 mg/kg) increased the levels of CD3 ([Fig. 2A](#f2-mmr-11-01-0127){ref-type="fig"}), CD11 ([Fig. 2C](#f2-mmr-11-01-0127){ref-type="fig"}) and Mac-3 ([Fig. 2D](#f2-mmr-11-01-0127){ref-type="fig"}); however, the levels of CD19 were decreased ([Fig. 2C](#f2-mmr-11-01-0127){ref-type="fig"}) in response to 25, 50, 100 and 200 mg/kg CEPC treatment, as compared with the control group. These results demonstrate that CEPC significantly affects the white blood cell proliferation of normal mice *in vivo*.

Effects of CEPC on macrophage phagocytic activity from the PBMC and peritoneal cavity of BALB/c mice
----------------------------------------------------------------------------------------------------

The macrophages were isolated from the PBMC and peritoneal cavity, and the levels of phagocytosis were analyzed by flow cytometry. Treatment with CEPC, at all four doses, significantly reduced macrophage phagocytosis from the PBMC ([Fig. 3A](#f3-mmr-11-01-0127){ref-type="fig"}). Conversely, the macrophage phagocytotic activity was not significantly stimulated in the cells from the peritoneal cavity at a CEPC dose of 25, 50 or 100 mg/kg, as compared with the control mice ([Fig. 3B](#f3-mmr-11-01-0127){ref-type="fig"}).

Effects of CEPC on the cytotoxic activity of NK cells and B- and T-cell proliferation in BALB/c mice
----------------------------------------------------------------------------------------------------

The YAC-1 target cells were destroyed by the NK cells, which were isolated from the splenocytes of mice treated with 50 mg/kg CEPC ([Fig. 4A](#f4-mmr-11-01-0127){ref-type="fig"}). However, the other CEPC doses did not alter the NK activity. Treatment with 25 mg/kg CEPC increased both B- ([Fig. 4B](#f4-mmr-11-01-0127){ref-type="fig"}) and T-cell ([Fig. 4C](#f4-mmr-11-01-0127){ref-type="fig"}) proliferation. However, CEPC doses of 100 and 150 mg/kg did not significantly alter the proliferation of B- and T-cells.

Discussion
==========

There are currently few reports on the biological effects of CEPC, including its antiviral, antimicrobial, and cardioprotective activities ([@b16-mmr-11-01-0127]), and no studies have examined the effects of CEPC on immune responses *in vivo*. The present study examined the effects of CEPC on immune responses in BALB/c mice *in vivo*. The mice were treated with or without CEPC at various doses (50, 100, 150 and 200 mg/kg). CEPC treatment did not alter the body weight of the mice, as compared with the control mice, and liver and spleen weights were not altered by CEPC treatment. CEPC, at the cellular level, altered immune responses, including increased proliferation of T- and B-cells, and increased the levels of monocyte and macrophage markers. CEPC was also shown to promote the phagocytic activities of macrophages, and enhance the cytotoxic effects of NK cells. Furthermore, 25 mg/kg CEPC treatment promoted and enhanced the populations of CD3, CD11b and Mac-3-positive cells; however, no significant effects were observed in response to the higher doses of CEPC (50, 100 and 200 mg/kg). Conversely, all of the doses of CEPC (25, 50, 100 and 200 mg/kg) significantly decreased the population of CD19-positive cells, CD19 is an activated B-cell surface marker ([@b17-mmr-11-01-0127],[@b18-mmr-11-01-0127]).

Treatment with CEPC increased the number of cells positive for the T-cell marker CD3. T-cells are involved in cell-mediated immune responses ([@b14-mmr-11-01-0127],[@b19-mmr-11-01-0127]). Deletion of T-cells in animals has been shown to result in the loss of cellular and humoral immune responses ([@b20-mmr-11-01-0127]). This is the case in patients with acquired immunodeficiency syndrome, where the loss of T-cells is due to the destruction of T helper cells by the human immunodeficiency virus ([@b19-mmr-11-01-0127]). CD11b and Mac-3 are markers of monocytes and macrophages, respectively. Both of these cell markers were increased in response to CEPC (50 mg/kg), which may be indicative of increased phagocytic activity of the macrophages.

Previous studies have demonstrated that antigens induce macrophage activity, including phagocytosis and stimulation of T-cell functions, including cytotoxic and helper T-cells. Activated T-cells release cytokines which also promote macrophage function ([@b21-mmr-11-01-0127],[@b22-mmr-11-01-0127]). Macrophages can suppress intracellular bacterial growth and lead to a reduction in infection ([@b23-mmr-11-01-0127]).

Treatment with 100 mg/kg CEPC promoted the phagocytic activity of macrophages isolated from the PBMC; however, the other doses of treatment did not result in any significantly promoted activities. A treatment with 50 mg/kg CEPC promoted NK cell activities from the spleen samples, but other doses of CEPC treatment did not show any significant promoted activities of the NK cells.

Furthermore, CEPC treatment at all of the indicated doses resulted in a decrease in T- and B-cell proliferation, following Con A and LPS stimulation, respectively. However, further investigations are required. The results of the present study demonstrated that CEPC may enhance the population of Mac-3-positive cells and promote the phagocytic activity of macrophages.

In conclusion, it may be suggested that CEPC may stimulate proliferation of monocytes (CD11b) and enhance macrophage (Mac-3) function, including phagocytosis, *in vivo*. Furthermore, CEPC promoted NK cell activities, which may be associated with the increased levels of T-, monocyte and macrophage cell surface markers in normal BALB/c mice *in vivo*.
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![Effects of crude extract of *Polygonum cuspidatum* (CEPC) on the body, liver and spleen weights of normal BALB/c mice. The mice were divided into five groups, which were treated with different concentrations of CEPC: Group I, 0 mg/kg CEPC (control); group II, 25 mg/kg CEPC; group III, 50 mg/kg CEPC; group IV 100 mg/kg CEPC; group V 200 mg/kg CEPC. All of the mice were treated with CEPC for 27 days. (A) Representative images of the mouse body. The weights of the (B) liver, (C) spleen and (D) total body, which was weighed every three days. The data are expressed as the means ± standard deviation, of three experiments.](MMR-11-01-0127-g00){#f1-mmr-11-01-0127}

![Effects of crude extract of *Polygonum cuspidatum* (CEPC) on the levels of white blood cell markers from normal BALB/c mice. The blood was collected from CEPC-treated and control mice and analyzed for cell markers: (A) CD3; (B) CD19; (C) CD11b and (D) Mac-3, by flow cytometry. The data are expressed as the means ± standard deviation, of three experiments (n=10). ^\*^P\<0.05, the difference between control and CEPC-treated groups.](MMR-11-01-0127-g01){#f2-mmr-11-01-0127}

![Effects of crude extract of *Polygonum cuspidatum* (CEPC) on the phagocytic activity of macrophages isolated from (A) peripheral blood mononuclear cells and (B) peritoneal cavity of normal BALB/c mice, as measured by flow cytometery and quantified by CellQuest. The data are expressed as the means ± standard deviation. ^\*^P\<0.05, the difference between control and CEPC-treated groups.](MMR-11-01-0127-g02){#f3-mmr-11-01-0127}

![Effects of crude extract of *Polygonum cuspidatum* (CEPC) on the cytotoxic activity of natural killer (NK) cells and T- and B-cell proliferation from normal BALB/c mice. (A) Isolated splenocytes (1×10^5^ cells/well) were placed in 1 ml of RPMI-1640 medium in 96-well plates. Target YAC-1 mouse lymphoma cells (2.5×10^7^) in serum-free RPMI-1640 medium and the PKH-67/Dil.C buffer was added to the cells for the determination of the NK cell cytotoxic activity by flow cytometry. (B) B-cells were pretreated with lipopolysaccharide (LPS) and proliferation was analyzed by flow cytometry. (C) T-cells were pretreated with concanavalin A (Con A) and cell proliferation was analyzed by flow cytometry. The data are expressed as the means ± standard deviation. ^\*^P\<0.05, a difference between the control and CEPC-treated groups.](MMR-11-01-0127-g03){#f4-mmr-11-01-0127}
